Rapid identification of solanesol even in the presence of a complex matrix can be accomplished using fast atom bombardment (FAB) mass spectrometry in combination with tandem mass spectrometry methods. FAB MS analysis using a nitrobenzyl alcohol matrix doped with lithium yields an abundant (M + L~+ ion of m/z of 637 which is a very characteristic marker for the presence Of solanesol and is quite sufficient for screening for the presence of solanesol in many cases. MS/MS analysis of this ion produces a spectrum which yields specific structural information regarding each isoprene unit of the entire structure. Funhermore, these methods are very useful for characterizing unknowns as demonstrated by the characterization of diol, trio! and ester impurities in commercially available solanesol. Application of the MS/MS/MS analysis provides insight into the frag· mentation mechanism and can be a useful alternative to conventional labeling methods for confirming spectral interpretations. 
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INTRODUCTION
The analysis of solanesol has been a challenging problem for tobacco chemists for many years for two important reasons. Firstly, solanesol (see structure 1) is considered to be a compound characteristic of tobacco and related species and is not widely distributed in nature; hence, facile analyses would be very useful in a number of applications in tobacco related investigations. Secondly, solanesol is difficult to analyze by conventional GC (gas chromatography) or GCMS (gas chromatography -mass spectrometry methods). The size of the molecule presents challenges for GC analyses and the isoprene chain fragments extensively in conventional electron impact (El) mass spectrometry to yield a very low abundance molecular ion at best and many low mass fragments which reveal little information regarding specific structural features of the alkyl chain.
In recent years fast atom bombardment (F AB) ionization in combination with tandem mass spectrometry has become an established method for specific structural characterization of large polar labile molecules both as pure substances and as components of complex mixtures
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(1,2}. This method is especially useful for many kinds of molecules which are not readily amenable to conventional El analysis and hence would be expected to be applicable to the analysis of solanesol. Typically fast atom bombardment produces a molecular ion species, usually (M + H)+ ions in the positive ion mode or (M· H)-ions in the negative ion mode for very polar species. For less polar species such as alcohols the addition of lithium ions as a dopant to the sample facilitates the formation of (M + Lir ions which are readily desorbed in the F AB process and are species that are characteristic of the molecular ion. Since fragmentation is often quite limited in the FAB analysis, it is frequently combined with the tandem (MS/MS) experiment to provide detailed structural information. Fragmentation in the MS/MS analysis, which results from collision of a closed shell ion such as (M + H)+, (M -H)-or (M + L~+ with a noble gas, is often quite different than that observed when an open shelled ion (M!) decomposes in conventional electron impact mass spectrometry. Charge-remote fragmentation is one example of a fragmentation that is not observed in electron impact mass spectrometry but is a characteristic fragmentation of dosed-shelled long-chained aliphatic compounds subjected to collisional activation (3). Charge-remote fragmentations are so named because the gas-phase decompositions appear to occur at sites that are physically removed from the presumed location of the charge. This fragmentation most likely involves a series of parallel reactions with highly specific 1,4-elimination of~ and neutral alkene loss (3) . This process generates a series of fragments which begin at the alkyl terminus and proceed along the entire chain thus providing a very specific structural fmgerprint for the entire chain. If a modification such as a branch or a double bond occurs, the fragmentation is interrupted in a characteristic manner and the resulting ft:agmentation pattern can be interpreted to identify both the type and location of the structural modification. Because solanesol is very similar to the types of molecules which are known to be amenable to FAB analysis and MS/MS analysis provides the possibility of obtaining detailed specific structural information for the entire alkyl chain, this investigation was undertaken to determine if F AB in combination with tandem mass spectra. metry could be used as a substantially improved method for rapid detection and specific structural characterization of solanesol. Funhermore since the ion of interest in the MS/MS analysis is selected and separated from the other source generated ions in the fltSt stage of the experiment, the method is potentially applicable for obtaining this precise and detailed information from complex mixtures without prior purification steps.
EXPERIMENTAL METHOD
Solanesol samples were obtained from both Sigma Chemical Company (St. Louis MO) and in house extraction of tobacco for use in this investigation of enhanced methods for structural characterization of solanesol and related compounds.
Mass spectral analyses were performed using a JEOL SX 102/ SX 102 tandem mass spectrometer system. This is a four sector instrument in which both MS I and MS IT are double focusing reverse geometry instruments. The instrument is based on ion optics developed by Matsuda and is designed with quadrupole lensing for enhanced transmission and sensitivity (4) . The instrument is equipped with two collision cells; one in the first field free region and the second at the interface between MS I andMSII. For all experiments positive ion fast atom bombardment (FAB) ionization with xenon at 6 KeV and 10 mA emission was used as the ionization mode. Both liquid and solid samples were treated with a nitrobenzyl alcohol (NBA) matrix doped with lithium and deposited on the F AB probe tip for direct probe F AB analysis. The full accelerating voltage of 10 KeV was used except as noted below. All data were collected using the DA 6000 data system. Four types of mass spectral experiments were performed with the FAB generated ions. They are as follows:
FAB experiment. Full scan FAB mass spectra were obtained by scanning the magnet of MS I over the mass range of 1 to 1000 u at a scan slope of 0-2300 u I 60 sec.
A resolving power of ea. 1000 was used and the FAB spectra were recorded by the detector of MS I in a scan acquisition mode.
High resolution FAB experiment. High resolution FAB mass spectra were obtained by an EF (voltage) scan of MS I over a narrow mass range. A resolving power of 10,000 was used and the spectra were recorded by the detector of MS I in an accumulation acquisition mode. For accurate mass assignment the sample was placed on one side of a rotatable double-sided probe tip and cesium iodide calibrant was placed on the other side of the probe tip. During the course of the experiment the tip was rotated on alternate scans to permit nearly simultaneous acquisition of sample and calibrant spectra.
MS/MS experiment. For the tandem (1\15/MS) experiment, the (M.+ LQ+ parent ion was selected by fixing the magnet and ESA of MS I to pass only the desired ion, collisionally activating the ion with helium at ea. 75% beam reduction in the collision cell between MS I and MS 11, and then scanning MS 11 in a B/E scan to obtain the first generation product ion spectrum. The collision cell was floated at 7 KeV to minimize discrimination against low mass ions. The MS/MS spectra were recorded by the detector of MS IT in an accumulation mode and are typically an average of 3-5 scans.
MS/MS/MS Experiment. For the MS/MS/MS experiment,
(M + L~+ ions generated in the ion source were collisionally activated with helium at ea. 75% beam reduction in the first field free region (unmediately after the ion source) and the first generation product ion of interest was selected using MS I. The magnet and the ESA of MS I were independently set to ftxed positions to pass an ion of only the mass and energy of the fltSt gener· ation product ion of interest. Although source generated ions of the same mass as the desired product are formed, the energy imparted to a fragment ion formed by collision is proportional to the ratio of the mass of the fragment to the parent ion. The selected first generation product ion was passed from MS I to the interface between MS I and MS IT, collisionally activated with helium at 60-70% beam reduction and second generation product ions were analyzed with a B/E linked scan of MS ll. The MS/MS/MS spectra were recorded by the detector of MS 11 in an accumulation mode and are typically an average of 10-15 scans. Two instrumental modifications were required to accomplish this. The ftrst was direct monitoring of the ESA voltage of MS I to three decimal places.
The second was the addition of a switch to facilitate decoupling of the ESA and magnet of MS I.
RESill.TS
The initial motivation for this work was to develop a facile method for specific characterization of solanesol which would be suitable for rapid identification of solanesol in the presence of complex mixtures. As Figure  la nesol. The applicability of the analysis to a complex system is readily demonstrated by deliberately spotting cigarette paper with a methylene chloride solution of solanesol, excising the spotted area and directly analyzing the spotted piece of paper by FAB using the NBA matrix with lithium dopant. Although a number of abundant low mass ions are observed from the paper matrix, the (M_+ L~+ ion of m/z of 637 of solanesol is readily distinguished (see Figure lb) . This method is quite suitable for a rapid qualitative survey for solanesol; however the ultimate sensitivity of the process is dependent on the complexity and nature of sample.
Selection of the molecular ion species (M + Lij+ with MS I, collisional activation, and subsequent analysis of the product ions with MS II yielded a product ion spectrum rich in structural information for the. solanesol ion (Figure 2 ). The principal ions of the spectrum are an ion formed as the result of the loss of water and a series of product ions which result from charge-remote fragmentation. This type of fragmentation is well documented elsewhere (see references 3 and 5 for reviews of the topic).
In this type of fragmentation product ions are formed as the result of a series of specific cleavages with H 2 elimination along the alkyl chain. Fragment A in Figure 2 (Figure 3b ). The lower mass series of ions of this set like that of solanesol except that the last ion of the series is the ion of rnlz of 159 instead of 160 as it is for solanesol. The fact that the higher mass mass series of ions in the doublets differs by 16 u suggests that the compound is a diol. High resolution mass spectrometry confirmed the presence of an additional oxygen as the exact mass was determined to be 653.5859 for this ion which corresponds to a formula of C~5H 74 0 2 Li. The higher mass series of ions and the key ion of rnlz of 159 suggest that a second hydroxy group is present in the second isoprene unit (see structure Figure 3b ). The exact position of the OH in the second isoprene unit cannot be assigned but the mass of the ion of rnlz of 175 does indi· cate that it is not an H 2 0 addition to the double bond. The lower mass series of ions in the series of doublets in the MS/MS spectrum of m/z of 653 may be accounted for by loss of water with subsequent shifting of the double bonds followed by charge-remote fragmentation of the resulting ion. Again, the ion of rnlz of 159 is a key 
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FAB MS/MS/MS spectrum of the ions derived from the first generation product Ion of mJz of 619 which was formed from the parent Ion of mfz of 637.
spectral analysis using a lithium dopant. This can he applied to investigations which require expedient screening for solanesol. 'fhe (M + Lij+ ion of m/z of 637 which appears in the presence of lithium dopant but not in the undoped sample is a very characteristic marker for the presence of solanesol which is quite sufficient for most screening analyses. Confirmation of the identity of the ion as lithiated solanesol can be accomplished an MS/MS experiment which, as Figure 2 shows, yields a characteristic fingerprint spectrum for the entire terpene chain of solanesol. This qualitative detection of solanesol can be accomplished from a complex matrix such as a crude extract or from paper; however, matrix effects limit the analysis to qualitative information. Although the initial goal of the research was to develop a facile method for detection of solanesol, the ambient temperature, soft ionization, direct probe analysis revealed that what was assumed to be wpurified" solanesol was really a mixture. Exact mass assignment and comparison of the information gained from the MS/MS analysis of the unknown components, which yielded spectra containing information on the entire alkyl chain, with the MS/MS spectrum of solanesol permitted structural characterization of these components without further separation or purification. FAB in combination with tandem methods not only permitted structural characterization of solanesol and related compounds, but application of the Ms/MS!MS experiment provided insight into the mechanism of fragmentation. Although the MS/MS/MS analysis is somewhat limited in sensitivity, it does provide a very viable alternative in many cases to the use of labeled materials for confirmation of structural assignment from spectral data.
